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BALLOON FABRIGS MADE OF GOLDBEATER'S SKINS.*
By Oap%, L. Ohollet; of the £.T.Ae.

= e - - s -- f e e e ama e~ s

Histeorloal Sketoh of Balidon Fabiios.

Balloons utilize the lifting foroe of some gad 1lighter than
air, This gas 1s contalned in d bag or envelope which must be
strong enough to withstand the stresses to whioh it is sub]soted,
as light as possible and as gas-tight as possible, in order to
minimize gas leakage and loss of 1lifting foroe from the adwmies-~
sicn of alr,

Of these three qualities, gas-tightness 1ls the most essens+-
tial characteristic of balloon fabrics. It is true, moreover,
that this property can be attalned to & greater or less degree,
according to the object in view., A mediocre degree of tigntness
answers for fres balloons, since they remain inflated for only
a few hours at a time, Captive balloons, which need to remain
inflated for several months, must be made of very tight fabrio.
Lagtly, it is important to obtain the most perfeot tightness pos-
sible for airships, which must remain inflated for many months
and for which the least diminution of the lifting force affects
the carrying ocapacity.

The Montgolfier brothers employed, for & gas heavier than
air, the air itself heated. Even with a very porous fabrlo, the
diminution of the lighting foroe due to the lack of tightness
was very small in comparison with that Gue to coolilmg. Thelr

balloons were made of cotton cloth, lined with sirong papexr. The
* From "L'Aéronautique," August, 1933, pp. 358-363.
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envelope of one of them was made of two thicknesses of cloth, be-
tween whioh”there-yere three thicknesses of rumpled paper.

The physiolan Charles, and the Robert brothers, who em-
ployed hydrogen, adopted silk cloth coated with ocaoutchouec.

In September, 1783, several months after the experiment of
the Montgolfier brothers at Amnonay, (June &, 1783), and several
days after that of Charles and the Robert brothers at Paris,
(August 27, 1783), Baron Beaumanoir sent up an 18-inch hydrogen
balloon of goldbeater's skin, This experiment brought into
fashion balloons of goldbeater's skin, whioch were sent up in
large numbers by Parisians.

The Ae:o—ﬂontgolfiére, with which Pilatre de Rosier killed
himself, June 15, 1885, was made of Taffeta impregnated with lin-
seed oll, dried with litharge and covered with gcldbeater's skine,
glued on with a s*rong glue mixed with honey and linseed oil.

The balloons, constructed toward the end of the 18th centu-~
ry, were made of cotton or sllk cloth, covered with paper or
with oll varnish, gum arablc or ocaoutchouo.

The captive balloons of the First Republic were made of
silk covered with a varnish prepared by Conte, The tightnese
was remarkable, aiﬁce, acoording to the statements of historians
at the time, the balloon companlies were able to remain away from
the hydrogen generator for several weeks, without the balloon
losing any considerable fraoction of ite 1lifting force. Conté's
formula was loat and never found,

During the greater part of the past century, the history of
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aerostation is that of the free ballcon and the tightness ob-

ta.ned by varnianing gotton or silk fabrioe was quite satisfaocto~

e~ -
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Ty, Since, on the other hand, most of the airship proje cts were
never begun to be put into execution, there was not muoh pro-
gress made in the tightneds of balloon fabrics. Mention should
be made, however, of the attempt of Marey Monge to make a copper
balloon, though 1t did not ascend, owing to the fallure of the
hydrogen before the inflation was oompleted.

When, several years after the war of 1870-1871, Col. Charles
Renard undertook the necessary experiments for determining the
best materials for captive war balloons, the tightness of the
fabrics was one of the problems to which he gave speclal atten-
tion. Many varnishes were tried, but all atvempts to reconsti-
tute the famous varnish of Conte were in vain. Col. Renard pre-
pared a varnish, which-was cal led Chalals varnish and which gave
very satisfactory results for free and eptive balloons. Unfor-
tunately, the manipulation of varnished balloons is very diffi-
cult and the fabric deteriorates with time,

It was not until the beginning of the present century that
endeavors to improve military balloons and construct alrships
led to the discovery of balloon fabrics much tighter than varn-
ished fabrics, Caocutchouc was employed to make a gas~-tight
skin, The rubberized fabric consists of one, two or three
thickneeses of cotton or silk oloth and from one to four layers
of caoutohouc.

In France, where nonrigild airships alone found favor until
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within g few years, iubberizéd fabrios furnished an excellent
solution of the tightness prnblem, alike for airships, captive
balloons and free balloons, and but. few attempts have been made
to substitute for caoutochous any other substance more Impermea-
bae to gas, _

In Germany, on the contrary, where, from the beginning, ef-
forts have been directed to rigid airships, the problem of bal-
loon fabrics does not present itself in the same manner., A4
weaker fabrio could be used, since the gas was distributed in a
certain number of gas bags or ballonets, protected by an outside
envelope. On account of the comsiderable welght of the hull,
it was necsssary, however, to attain the maximum degree of tight-
ness and 11ghtneas: It was in Germany that rubberized fabrios
were first made, but experiments were very soon directed toward
the employment of goldbeater's skin,

In England, the use of goldbeater's skin for balloons was
qulite oommon before the war, Captive military balloons and the
airship "Nulli Secundus" were ﬁade entirely Qf goldbeater's ski:.
without the addition of any faﬁrio. .

When, at toe beginning of 1917, the construction of rigid:
airehips was oontemplafed'in France, the qQquestion of employing
goldbeater's skin for making ballonets arcse., It was only at
the beginning of 1930, however, in the presence of the results
obtained by the English and after recelving many reports on what
had been adcomplsihed in Gerﬁany during the war, that a thorough
and methodical study of the use of.goldbeater'a skin was under-

taken by the S.T.Ae, (Techniocal Section of Aeronautiocs).
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GOLDBEATER'S SKIN,

This 1s the ocurrént term for the prepared outside membrane

of the larse 1nteau1ne of the ox, wwed’ fbr separating the leaves

of metal in goldbeabing.

 Immediately after slsughier, the budy or the animal 1s ov’
oren and the bowels removed. The membrane 1s separated from the
intestine by hand and 1a8id aside. It hzs the form of a oylin-
drlcal beg of 0.5 to 1 meter long &nd abcut 0.1 meter in dlame-
ter, split along a generatrix to wiihin a few centimeters of
the end.

In the large slaughier houses of Nurth and S uth Amerlca
and Australia, the geparation is done 7ith much care, so as to
avoid tears. The-membranee (or "skins") are then sent to the
section which prepares them. Thev are thoroughly cleansed, as-
sorted and separated, according to slze, into two oclasses; then
gpread out and covered on eavh side w ith a2 thin layer of very
fine salt. They are then put 35 in alpack, all the same slde
up, rolled up, tied and placed in casks contalining 3000 - 3500
skins of the firast class or 4500 - 5000 of the second oclass.
8kins thus prepared ocan be kept & long time without deteriorat:on,

The European slaughter.houses are too small to have a sep-
arate seotion for treating the membranes, Generelly the gut
wsorkers themselves attend to colleoting the skins and elther
treat them immediately or prepare them to send to specialists,
'In the latter case, the skins are cleansed, salted and tied up
in bundles of 35 or 50.
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Theze are very few épeoialists in this work in France and
most of their raw material ocomes from kMeriaa and Australia, tha:
'balance from 1ooal dealers and alaughter housea. The skins, aft-
er drying, are paseed thr¢ugh'bathu of potash or soda, oxygsti- '
ated water and sulphurous aoid for removing grease and 8OLOT:
Ther are then stretched singly on boards and dried, They are
then ready for use, - Each skin forms a sheet 0.6 to 1 meter long
by Q.15 to 0,30 meters wide, similar to a sheet of tlesue paper,
Goldbeater's skin, thus prepared, is ueed principally by gold-

beaters, and by perfumers for covering stoppers of bottles.

Employment of Goldbeater's Skin in Germany.

Experiments on the employment of goldbeater's skin in pre-
paring balloon fabrics were probably undertaken in Germany from
the beginning of thelr researches in conneoction with airships.
It seems, however, that at the time .-of the declaration of war,
the perlod of these experimente had not been terminated and that
the question of materials for the balioneta of rigld airships
had not been definitely esettled. The Zeppelin which landed at
Luneville in 1913 had, in faot, some ballonets of varnished fab-
ric, some of rubberized fabric'and others af goldbeater's skin,
In thie domain, as in many oihers, the war brought about consid-
erable rrogress and, in 1918, there were being made in Germany,
many thousand:'square meters per day'of goldbeater's skin fabric,
the tightnese of which was praotiocally perfect.

Goldbeater's skin from oxen and cows did nqt enter alone
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into the composition of the fabrios made by the Germans during
the-war, -One animal furnishes §nly_one such skin and 15 of them
were required to prepare one square meter of the Tabric. Twenty
four Zeppellins, each wiih a balloaet surfaca of 30,000 to
30,000 sq.m, , were put 1ntd service during 1917. It followse,
tussefore, that the Germans, reduced by thé blockade to theilxr
om re3ources and to those of iheir allles, were obliged to re-
sort to substitutes possessing nearly the same Qqualities as gold-
beater's skin,

8kin G was the regular goldbeater's skin.

8kin P -was the ocorresponding preparation from the intes-
tines of hoge, in fragments about 0,95 meters long. It could e
taken from neither too young nor too old hogs.

S8kin L, in lengths of 1.1 - 1.3 metere, was the inside
membrance of the portion of the intestine of an ox or cow known

as the "crown intestine, "

The manufacture~- of goldbeater's skin fabrics is based on
the following property. If two skins are superposed after .'=
treatment and allowed to dry, thev adhere perfectly. If there--
fore, a certain number of sking are juxtaposed with an overlap of
o few millimeters, there is obtained, after drying, a single
leaf possessing the same qualities as the oomponent skins., If,
before drying, a second layer of skins 1s placed on the first
layer, under the same conditions, there is cbtained, after dry-
ing, a very homogeneous double skin, the tightness of which is
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praotically perfect, since the single ekin is already very tight

- e

Goldbeater's skin fabrios were used during the war almost
szclusively in making the ballonets of rigid airships. It was
mwy near the end of the war that the Germans placed in service
a few captive balloons made of such fabrics. For airships, the
first layer was always composed of skin G, the second being
elther skin G, P, or L, For oaptive balloons, skin P was
used, elther double or in combination with skin L, For the re—
mainder of this artiole, we will consider only the manufacture
of airship ballonets.

The ballonets of rigld airships are cyliinders or frustrums
of conzs wlth flat ends. Thev are made in a certain number of
seotlons of a8 large dimensions as ocan be conveniently ~vorked,
which are then varnished and glued together,

The collection of the goldbester's skins was very systematlo
in Germany during the wvar., Each butoher was required to deliver
the ones from the animals he killed, Agents exerolsed strict
control in Austria, Poland and Northern France, where it was for-
bidden to make sausages., The skins were cleaned and salted on
the erot and then sent to the factory where the fabrlios were made

On arrival at the factory, the skins were separated into
three olassés: G, P, and L, After the defsctive skins were dis-
oarded, fhe rest were sorubbed and washed in cold water and then
in warm water at 35 and 45°0, so as to remove all salt, foreign

substanoces, mucous and grease, Silver nitrate tests showed
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whetﬁer the cleansing was complete. The skins were next leit
over-night in a .tank of olear water and then 24 hours 1ﬁ wster
containing 5% of glycerine, They were %then Araihéé-éﬁd sent in
ralls to the gluing réouu

In this room, the sheets of ﬁéubls skins were made, on whioch
-ihs .fabric was ultimately glued.' The equipment of this room cow-
prised: ] '

The gluing table, dteeply inolined, which bad (beginning at
the bottom) a plain pari 1.5 meters bigh, a latticed part 3 meier:
high and a roller.

The "doublier" made of very strong, closely-soven cotton
cloth. The seams had to be very carefuliy made, so as to avoid
folds., The "doubliers" were either 11 x 43 meiers or 23.5 x 38
meters, the gluing tahles being a little wider than the "doubzxi-.z-
liers. "

The "doublier" passed over wooden cylinders placed end to
end in a trough under the table. It was mounted on the plain rart
and svretohed on the edges by meéns of sirips and clamps. The
workmen were stationed at intervals of 1,5 meters and the skins
were brought to them by twentieé.in enameled iron pans. The skines
were lifted by the long side with all the fingers of the hand and
lajd on the "doublier™ with their longest dimension upward and
the wrinkled side down, They were then spread out and smoothed
carefully by hand, so as to remove air bubbles. The edges were
1ifted with a special khifle, The skins overlapped one another

about one centimeter. Thus there was made a layer about one metex
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high, ending about 5 om from the lower edge of the table. Thg ssc
- ond layer was begun at about 10 am from tue bottom, with {ke lo_;~
est dimension of the skins at right angles to that of the skims in
the first layer and with the wrinkled side up., After thls firs¢
section was finlshed, defects (soratches, thick edges, fat, eto,)
were sought out and remedled, The "doubller" was then moved up
one meter and the second seotion was made, care belng taken to _
match each layer to the corresponding layer of the first seotlon,
and so on, The drying was done by means of fans blowing on the
latticed portion, The "doublier" passed over the top roller and
descended behrind the table. There the sheet of double skins #as
carefully removed and placed in a trough,

The sheets were then sent to the assembling room, along wilih
the fabric for joining them. There they underwsnt two examlna-
tions: the first, by transparency, for discovering defects
(scratches, holes, absence of one layer, etc.), which were marked
with red or blue pencil; the seoond, on a polished table covered
vith waxed canvas, for discovering by touch any gralns of sand,
which were marked. They then went to the gluing room, where
there were special tables 35 to 40 meters long and about 1.5 met-
ers wide, The sheet was placed in one of the troughs of the glu-
ing table., The first strip of about 1,5 meters was placed on the
table and held loosely with pinoers, It was molstened by hand
with 5% glycerine water and stretched, The defects were then re~
paired by means of pleces cut out of a double sheet of skin and

glued #ith a glue more concentrated than ordinary glue. As soon
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as all the defeots weié reraired; the gluinhg proper was begun.
The gluing gang conbisted of one forewomsn and eight to ten wori-
women stationed on=§;££ sides'of-the table._ the first two women
epread, over an &res ix1.3 meters, about 350 oo of glue at
dbout 40°C, The hext two women unrolled the fabric and held it
up. THe next women stretched 1t and applied it with brushea.
These operations had to be performed very rapidly, for the glue
hardened on cooling. The gluing was thus continued by lengths of
1,3 meters, When the first one-meter strip was finisghed, it was
dried by means of fans and then slid over the edge of the table,
thus there was brought on to the table a second one-meter etrip,
whioh underwent the same operations. The glue contained 10 kg
of gelatine, 8 kg of glycerine, 10 kg of sulphorioinate of soda
and small Quantities of creosote and caustic soda for each 100 kg
of water., The varnishing and assembling of the various sectlons
of the ballonets took rlace in the assembling room.

The Zeppelin Oompany had made, before the war, arrangements
;or the counstructioa of 1is ballonetg at Tempalbhof, a suburb of
Berlin. The factory was not completed, however, until after the
armistice, During the war, the sking and fabric:iwere assembled
at Britz. The ballonets of the Schlitte-Lanz Company were made in
the Riedinger shops at Augsburg.

The German goldbeater's .skin fabrios had, for a weight of
130 to 150 g per sq,m, a tightness permitting the loss of only a
few liters of hydrogen per sq.m in 34 hourse, under a pressure of

30 mm of water,
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Golgbeater's £kin Fabrics in England,

-~ During the war, the English used only rubberized fabrios,
both for their small., nonrigid airships and captive balloons.

The use of goldbeater's skin was first considered, when they unde:
took the oons%ruction of large alrships. At that time, the pro-
cess employed by the Germans was known, at least in a general way
Nevertheless, probably to avoid the necessity of so large an oui-
fit, the rnglish balloon makers adopted a mixed fabrio, oomposed
essentially of a cotton fabric, a layer of caoutchouc and a layer
cif golddbeator's siim,

The raw maicrials, employed in making bellouese for English
airships, are: a very lightly rubberized fabric composed of a
90-gram cotton fabric covered with a caoutchouc £1 1m weighing
about 10 g per sq.m; goldbeater's skin, freed frum salt, washed
and glycerinated, by a prooess similar to that employed by the
Germans, and then drled,

In making a ballonet, the ends and cylindriocal or conical
parts are assembled without seam by simply glulng with the caout-
chouc solution. On each of these sectlions there are glued gold-
beater's skins by means of a very clear solution of cesoutchouc
(3.5 kg of para rubber for 180 liters of naptha). Two coats of
this glue are applied and allowed to dry and then & third coat is
applied, The goldbeater'a skins are then put on, with an overiap
of a few millimeters.

| After arplying the goldbeater's skins, the ballonet sectioans
are coated with copel varnish on the goldbeater's skin side only
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and then assembled by simply gluing, without making a seam,
Care is taken to unglue slightly the goldbeater's sking on the
efzno of one of the gections, so that the glue will hold the
fabrio together. Then the skins ere flattened down and reglusd
to the skins of the other secvtion. The tightness and welght of
this fabric compare favorably with those of the German gold:--

beater's skin fabrios.

Translated by the National Advisory Committee for Aeronautiocs.
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